In this paper, Black Box approach is presented for behavioral modeling of a non linear power amplifier with memory effects. Large signal parameters of a Motorola LDMOS power amplifier driven by a WCDMA signal were extracted while taking into considerations the power amplifier's bandwidth. The proposed model was validated based on the simulated data. Some validation results are presented both in the time and frequency domains, using WCDMA signal.
Introduction
The introduction of the third generation UMTS, based on WCDMA technology, is a further step towards satisfying the ever increasing demand for data/internet services. 3G is quickly moving on to 3.5G, 3.9G, and 4G and is changing the way the world communicates. The evolution of wireless technologies including CDMA2000, GPRS, EGPRS, WCDMA, HSDPA and 1xEV, allow development of new wireless devices that combine voice, internet, and multimedia services. In the future GSM and other parallel 2G systems are likely to be replaced with 3G and beyond, and the bands that today are used for GSM will then be used for WCDMA and other standards. WCDMA in the 900 MHz band is a cost effective way to deliver nationwide high-speed wireless coverage .This evolution has brought new requirements on the RF parts of the transceivers, especially the Power Amplifier (PA). Thus the simulation of PA circuits is becoming a very important issue in nowadays communication scenarios.
Due to broadband nature of signals, frequency-dependent behavior of PA is encountered, i.e., memory effects. To accurately model a PA, we have to take into account both nonlinearities and memory effects. Several works have recently been published proposing behavioral models and extraction procedures for envelope behavioral model simulation [1] [2] [3] [4] . The Volterra series has been used by several researchers to describe the relationship between the input and the output of a power amplifier with memory effects [1] . However, high computational complexity makes methods of this kind impractical in some real cases, e.g., modeling a PA with strong nonlinearities and/or with long-term memory effects. This is because the number of coefficients to be estimated in the model increases exponentially with the degree of nonlinearity and with the memory length of the system. To overcome the modeling complexity, various model-order reduction approaches have been proposed to simplify the Volterra model structure [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Although these simplified models have been employed to characterize PAs with reasonable accuracy under certain conditions, there is no systematic way to verify if the model structure chosen is truly appropriate to the PA under study. In this paper the principle of a novel approach, called 'Black Box' has been presented. The Black Box model is directly derived from the topology of the amplifier.
The variables used to describe the signals at both ports are the classical incident and scattered voltage waves [16] , typically defined in a characteristic impedance of 50 Ω, together with the dc current and voltage biasing parameters. 
Description of Black Box Model
The Black Box model is derived directly from the circuit topology of the PA. The transistors can be considered to be two port non-linear networks which can be modeled in terms of nonlinear scattering parameters. If 1, 2 and 1, 2 represents the incident and reflected waves respectively. Using first order Taylor series expansion, the scattering parameter model of PA can be written as [16]  
  ij c  represents the normalized frequency function.
Valediction of the Proposed Model
The proposed model is implemented in Agilent ADS at a frequency of 1950 MHz. The input signal power is varied from 0 to 20 dB. The model is implemented for Motorola LDMOS PA circuit available in Agilent library as shown in Figure 2 and the measurement setup is shown in Figure 3 . The data file has been extracted for  represents non-linear scattering parameters as a function of input waves. But in real practice scattering parameters are also found to be function of PA band width. So in order to consider the effect of PA bandwidth also (1) is modified as [17] 
Measurement of Parameters on A WCDMA Signal
The proposed model was also tested for measurements on a WCDMA signal centered on 1950 MHz. Input and output spectrum of the input signal and the output signal were measured. Upper channel Adjacent Channel Leakage Ratio (ACLR) for the reference signal is -52.476 and for the distorted signal is -34.525. Also Lower channel Adjacent Channel Leakage Ratio (ACLR) for the reference signal is -52.717 and for the distorted signal is -34.608. Constellations of the reference signal and the distorted signal are also plotted as show in Figures 8 and 9 respectively.
The peak value of Error vector magnitude (EVM) of the reference signal was calculated as 35.13% and 53.21% respectively.
Conclusions
A novel behavioral model based on a Black Box modeling is presented. The model has been validated using Motorola LDMOS power amplifier. The results have been validated both in time and in frequency domain. This new enables a good prediction of the PA's behavior. Some measurements of important parameters (like ACLR and EVM) used to describe the nonlinear behavior of the power amplifier driven by WCDMA signal has been also carried out.
